In PNAS, Johnson et al.
(1) argue that a hitherto unknown form of photosynthesis using Mn as electron donor was the precursor to the evolution of cyanobacteria. The authors conclude this from chemical tracers, particularly putative remnants of Mn oxides in the rock record some 2.4 billion y ago (1). Although we applaud the elegant analytical work in this report, we argue that the paper presents no evidence for Mn photosynthesis as precursor to cyanobacteria.
To This 10 −5.7 atm O 2 upper limit is based on the preservation of oxygen-sensitive detrital pyrites in the depositional basin and patterns of mass-independent fractionation of sulfur isotopes (the S-MIF proxy). Detrital pyrite preservation, however, is predicted to be possible at 10 −3.1 atm O 2 (1 μM). The S-MIF proxy yields an atmospheric O 2 concentration (not seawater) only from reaction-transport modeling, which itself is based on putative and debated reactions for S-MIF formation with uncertain modes of S-MIF preservation (3). Moreover, by analogy to the modern ocean, productive seawater can be highly oversaturated in O 2 with respect to the atmosphere, and surface ocean O 2 concentrations of 20 μM have been predicted as possible, even under an Archean atmosphere of 10 −7 atm O 2 (4). Independent of the uncertainties in the sedimentation rates and kinetics of Mn oxidation, the O 2 levels permissible within the constraints afforded by the proxies are sufficient to account for the observed Mn deposition.
Finally, to assert that Mn photosynthesis predated cyanobacteria, the authors have generally dismissed geochemical evidence for much earlier O 2 production as arising from other abiotic or biotic O 2 sources. This argument is inconsistent with molecular clocks dating cyanobacterial evolution well before Koegas sediment deposition (5). If they existed, however, these alternative abiotic or biotic sources of O 2 could lead to Mn-oxide deposition in the Koegas without requiring Mn oxidizing photosynthesis. Therefore, the conclusion that Mn-oxidizing photosynthesis produced the Koegas Mn deposits is highly tenuous. In our view, the Mn-oxide remnants in the Koegas rocks are more likely indicative of rising seawater oxygen concentrations leading up to the Great Oxidation Event, not Mn-oxidizing photosynthesis, for which we find no evidence. 
